Somatosensory, brainstem auditory evoked and peripheral sensory-motor responses were recorded in rats anaesthetized with either pentobarbital or a ketamine-xylazine combination. This was carried out in order to assess which of these agents degraded responses to a lesser extent and thus would be more suitable for monitoring experimental effects. Neither of the anaesthetic agents affected peripheral sensory or motor conduction, nor were there any interpeak latency changes of the early components of the brainstem auditory response. However, pentobarbital anaesthesia resulted in an increase in latency of the initial positive component of the somatosensory cortical evoked potential and attenuation of the following negative component. During the recovery stages of ketamine-xylazine anaesthesia the longer latency evoked potential components were observed to emerge.
been reported to have no effect on brainstem auditory evoked potentials -BAEPs (Bobbin et al., 1979; Cohen & Britt, 1982) , however, other studies have reported changes in latency or amplitude of components (Shaw, 1986; Church & Shucard, 1986) . In any experimental electrophysiological study it is essential to choose an appropriate anaesthetic agent with minimal confounding effects and to define systematically changes ascribed to the anaesthetic on the parameters to be measured. Prior to embarking on a longitudinal study of the consequences of vitamin E deficiency in the rat, we have examined the electrophysiological effects of a single recommended dose (Green, 1987) of 2 commonly used anaesthetics in order to provide a rational basis for selection of the most appropriate anaesthetic for this study and to define the time course of any changes in evoked potentials. In this study we report the effects of pentobarbital and ketamine-xylazine anaesthesia on somatosensory, brainstem auditory and peripheral sensory-motor responses in the normal rat.
Methods

Animals
Three-months-old specific pathogen free male Wistar rats (Charles Rivers Ltd, UK) were housed in a 'clean' room with controlled temperature (20-22°C) and natural lighting. Fresh drinking water and pelleted diet (Oxoid rat chow) was provided ad libitum. Rats were anaesthetized with either pentobarbital (Sagatal; 40 mg/kg i.p.) or a ketamine-xylazine combination (Vetalar:Rompun; 90mg: lOmg/kg Lp.). Depth of anaesthesia was assessed by testing responses to pedal (foot pinch) and palpebral (corneal) stimulation, and by monitoring EEG activity at regular intervals during the course of recording. Rectal temperature was maintained between 35°C and 37°C by use of a thermostatistically controlled heated blanket.
Electrophysiology
Identical procedures were carried out in the 2 groups of rats receiving either pentobarbital (n = 8) or ketamine-xylazine (n = 6). All recordings were completed within 20 min from induction of anaesthesia. Lower limb somatosensory evoked potentials (SEPs) were recorded from Grass platinum needle electrodes inserted between the fifth and sixth lumbar vertebrae (LS) , and subcutaneously at the scalp over the contralateral somatosensory cortex following percutaneous electrical stimulation of the tibial nerve at the right ankle. Upper limb SEPs, following percutaneous median nerve stimulation at the right wrist, were recorded at the third cervical vertebra (C3) and at the scalp over the contralateral somatosensory cortex. All active electrodes were referred to a common reference subdermal electrode inserted at the snout. AI' 4 rnA constant current stimulus of O· 1 ms duration was delivered at the rate of 3/s to either the tibial or median nerve. A moderate paw twitch always occurred in response to the stimulus.
One hundred and twenty eight sweeps of 30 ms duration were averaged for each run and responses replicated to ensure consistency.
Peripheral motor responses (M) and sensorymotor H reflex responses were elicited following electrical stimulation of the tibial nerve at the ankle. Peripheral motor responses were recorded from an electrode inserted into the dorsum of the hind paw referred to one inserted in the sole of the foot. Single responses were recorded to a range of intensities from O· 5 to 3·5 rnA.
Auditory responses were elicited following monaural click stimuli delivered by way of a neonatal ear tip (Medelec Ltd, UK) inserted into the right ear canal. BAEPs were recorded from an electrode placed subcutaneously at the vertex referred to one at the snout. Clicks were 361 presented at 10/s. The intensity was 90 dB and 5 I 2 responses were averaged using a sweep duration of 10 ms.
EEG and ECG activities were regularly monitored during the recording session. Pedal and palpebral reflexes were also periodically tested, and signs of overt behaviour such as whisker twitching, head movement and vocalization were noted as indicators of depth of anaesthesia. No electrical stimuli were given if overt behaviour was observed.
All stimuli were delivered by a Medelec ST I0 evoked potential stimulator and a Medelec Sensor ER94a was used to average responses which were then transferred to an Apple lIe microcomputer and stored on floppy discs. All latency measurements were made using the cursoring facility on the Medelec Sensor.
Results are expressed throughout as mean ± 1 SD and the significance of difference between mean values was calculated by Student's t-test. Analysis of variance (ANOV A) was used for all sequential data. Normal distribution of the data was confirmed using the Kolmogorov-Smirnov test.
Results
EEG and EeG activity
Throughout the 20 min recording period follOwing induction of anaesthesia neither the rats given pentobarbital, nor those having ketamine-xylazine responded to pedal or palpebral stimuli. Rats in both groups typically showed high voltage slow wave EEG activity (400-500 ltV; I-I' 5 Hz) compatible with a moderate depth of anaesthesia consistent response was recorded at the lumbar region (L5). This had a characteristic prominent negative peak with a group mean latency of 2·8 ms (R response; Fig. 1 (A». There was no significant difference in the latency of this component when the two anaesthetic agents were compared. The cortical SEP response during ketamine-xylazine anaesthesia had a mean onset of 14 ms and a characteristic positivity (P 1) at 18 ms followed by a negative potential (Nl) at 24· 3 ms ( Fig. I the two anaesthetic groups. Following median nerve stimulation, the cortical SEP had a similar waveform to that elicited by tibial nerve stimulation ( Fig. 2(B» . The onset and PI latencies were greater during pentobarbital anaesthesia than during ketamine-xylazine anaesthesia. The Nl component to upper limb stimulation could also not be reliably detected during pentobarbital anaesthesia.
Peripheral sensory-motor responses
No differences were found comparing the two anaesthetic groups in the latencies of the M response (1' 84 SD O' 17 ms for pentobarbital and 1·93 SD O' 13 ms for ketaminexylazine) or the H reflex (1O'57SD 0'94ms for pentobarbital and 10,23 SO 0'44 ms for ketamine-xylazine) following tibial nerve stimulation.
Brainstem auditory evoked potentials
Six positive waves (I, III, I V, V, VI, VII) were clearly and reliably elicited during the first 10 ms after auditory (click) stimulation, however, wave II was not consistently detectable in all rats. To assess conduction through the auditory pathway in the brainstem, both the component latencies, and the following interpeak latencies were measured; I-I1I,I1I-V and I-V. No statistically significant differences in any of the component latencies were found when comparing the two anaesthetic groups. 363 
Duration of ketamine-xylazine anaesthesia
It was concluded that when using a single recommended dose of each anaesthetic agent the ketamine-xylazine combination affected evoked potentials less severely than pentobarbital and was more appropriate for monitoring changes in experimental animal models of neurological disease. The duration of the effects of ketaminexylazine, from induction of anaesthesia to waking, was also studied. During the first 30 min following induction of anaesthesia, no pedal or palpebral reflexes were detectable and high voltage (400-500 J.t V) slow-wave (I-I . 5 Hz) EEG activity was recorded in all animals. At 45-50 min post-induction, whisker twitching was discernible, and weak pedal and palpebral reflexes were usually elicited. EEG activity had faster frequencies (2' 5-3 Hz) and lower voltage (200-300 J.t V) compared to the initial deeper levels of anaesthesia (Fig. 3) . Some spontaneous movement of head and limbs was evident by about 70 min post induction and all animals were fully ambulatory by 80 min.
Latencies of peripheral, spinal and cortical SEP components at varying times (15-70 min) during ketamine-xylazine anaesthesia are shown in Table 2 . There were no statistically significant changes for any of the peripheral or spinal components (R, CI, CII and CIII) throughout the duration of the recording. However, the latencies of the cortical components (P 1 and N I) which were elicited to both the tibial and median nerve stimulation decreased as the effects of the anaesthetic wore off. The latencies of auditory potentials during stages of the recording following ketamine-xylazine anaesthesia are shown in Fig. 4 .
There appears to be a tendency for the latencies of all components to decrease with length of anaesthesia, though this was not statistically significant. The most striking effect was the progressive increase in the amplitude of component VII as the animals recovered from the effects of anaesthesia (Fig. 5 ).
Discussion
The changes in EEG during moderate anaesthesia with pentobarbital and ketamine-xylazine were similar to those reported in other studies (Purohit et al., 1981; Church & Shucard, 1987) . In the present study, pentobarbital anaesthesia was found to be associated with significant tachycardia while other groups have reported bradycardic changes at the same anaesthetic dose (Cohen & Britt, 1982) .
The R response recorded at the lumbar region following tibial nerve stimulation reflects ascending activity at the dorsal root ganglion (Hulser & Wietholter, 1986) . The M and H responses recorded at the foot following tibial nerve stimulation assess orthodromic motor nerve activity and activation of the sensory/motor monosynaptic reflex (Stanley, 1981) . In agreement with previous studies using the same anaesthetic dose (Shaw & Cant, 1981; Claus et al., 1985) we found no evidence that peripheral nerve conduction (R, M and H responses) was influenced by pentobarbital anaesthesia nor did we observe any peripheral effects of ketamine-xy1azine anaesthesia.
The origin of the 3 negative components following stimulation of the median nerve have been studied by Claus and Neundorfer (1983) . CI reflects the activity of the median nerve as it enters the spinal cord, cn is associated with presynaptic activity at the level of the cuneate nucleus and CIII probably represents postsynaptic activity at the level of the medial lemniscus. Claus et al. (1985) reported a shortening of the latencies of the 3 cervical components following the use of pentobarbital at anaesthetic doses, whereas, we did not find either pentobarbital or ketamine-xylazine had any effect on these components. Our findings suggest that both anaesthetic agents principally affect the ascending sensory pathway beyond the level of the medial lemniscus. Components PI and Nl of the SEP recorded at the contralateral scalp following tibial or median nerve stimulation represent activation of the somatosensory cortex (Weiderholt   & Iragui -Madol, 1977) . Differences in the effects of a single dose of the 2 anaesthetic agents on the cortical SEP components following both hind and forelimb stimulation suggest that pentobarbital has a more generalized cortical effect than does ketamine-xylazine.
The effect on SEPs during recovery from ketamine-xylazine anaesthesia was studied in detail. The latencies of all cortical components were shown to decrease from induction to recovery. Similar but more pronounced effects have been reported for pentobarbital (Shaw & Cant, 1981 In agreement with other groups (Bobbin et al., 1979; Cohen & Britt, 1982) , we found no differences between moderate pentobarbital and ketamine-xylazine anaesthesia on either the latencies or amplitudes of the first 5 auditory components following 10 Hz click stimulation at 90 dB. However, on waking from ketamine-xylazine narcosis there was slight shortening of the latencies of components VI and VII, and a significant increase in the amplitude of component VII, which is again consistent with a predominant rostral midbrain and cortical inhibitory action by this anaesthetic agent. Similar changes have been reported by Shapiro et al. (1984) who showed that increasing barbiturate dosage produced coma in the rat at first leading to an attenuation and eventually to the abolition of brainstem auditory components, affecting initially the latest and finally the earliest components.
In conclusion, the present study shows that when using single recommended anaesthetic doses in the rat ketamine-xylazine is a better agent for evoked potential monitoring purposes as it produces less pronounced and shorter lasting effects on responses compared with pentobarbital. The clear degradation of the later SEP and BAE? components together with the resilience of shorter latency components suggests that ketaminexylazine is inhibiting synaptic transmission at the cortex and its communications with the thalamus. In comparison, the changes in somatosensory conduction and later SEP components suggest that pentobarbital has a more generalized depressive effect on central transmission and cortical activity.
